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ABSTRACT  
In this modern era of globalization, energy is regarded as a precious resource. In 
Malaysia, the domestic sector is the third largest consumer of energy and it has an 
impact on energy consumption in the country. Thus, energy efficiency and cost 
effectiveness are the key factors in maintaining economic growth. The purpose of this 
study is to develop the Energy Efficiency Estimation System (EEES) that considered 
the consumer needs. In the preliminary stage of this study, the response from 408 
respondents about their energy awareness in terms of two components: i) knowledge, 
and ii) practice, was determined through the use of questionnaires in a survey on 
energy. The results showed that consumers have the highest knowledge about energy 
awareness, but they do not put that knowledge into practice. Testing and measurements 
of energy efficiency were also carried out to prove that the use of highly efficient 
electrical appliances can reduce electricity consumption at home. The tests were 
conducted on five types of electrical appliances for which it is mandatory to have the 
Energy Star Rating in Malaysia. Next, the Quality Function Deployment (QFD) 
approach was adopted in the system design in order to develop the system. The QFD 
approach focuses on the consumer’s opinion on how the system should be developed. 
The selection of consumers was based on the residential areas in four main zones 
(South, North, East, and West) in Peninsular Malaysia. 184 respondents participated 
in this survey. The database for the developed system was related to the energy usage 
of electrical appliances based on the data obtained from the relevant ministry/agencies 
such as the Energy Commission, and Tenaga Nasional Berhad (TNB). The developed 
system was verified by means of its implementation in 30 houses in Larkin, Johore. 
The results showed that 66.7% of the respondents who fully applied the EEES were 
able to reduce their energy consumption by up to 30% within a month. By considered 
the knowledge and practice among consumers, the EEES was successfully developed 
by using the QFD approach and this system allow users to self-manage energy 
consumption by estimating energy efficiency and the energy saving percentage. 
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ABSTRAK 
Dalam era moden globalisasi, tenaga adalah sesuatu yang amat bernilai. Di Malaysia, 
sektor domestik merupakan penyumbang ketiga terbesar dalam penggunaan tenaga 
dan ia memberi kesan kepada penggunaan tenaga di negara ini. Oleh itu, kecekapan 
tenaga dan keberkesanan kos adalah faktor utama dalam mengekalkan pertumbuhan 
ekonomi. Tujuan kajian ini adalah untuk membangunkan Sistem Anggaran Kecekapan 
Tenaga (EEES) yang mengambilkira keperluan pengguna. Pada peringkat awal kajian 
ini, respon daripada 408 responden mengenai mengenai kesedaran tenaga ditentukan 
oleh dua komponen: i) pengetahuan dan ii) amalan; dan telah dikumpulkan dengan 
penggunaan borang soal selidik kajian tenaga. Keputusan menunjukkan bahawa 
pengguna mempunyai pengetahuan yang tinggi dalam kesedaran tenaga tetapi mereka 
tidak mengamalkannya. Pengujian dan pengukuran kecekapan tenaga juga telah 
dilaksanakan untuk membuktikan penggunaan perkakasan elektrik yang mempunyai 
kecekapan tenaga yang tinggi boleh mengurangkan penggunaan elektrik di rumah. 
Pengujian dilakukan ke atas lima jenis perkakasan elektrik yang telah diwajibkan 
untuk mempunyai Penarafan Bintang di Malaysia. Seterusnya, pendekatan 
penggunaan kaedah Quality Funtion Deployment (QFD) diadaptasikan untuk 
rekabentuk sistem dalam proses pembangunan sistem. Pendekatan QFD memberi 
tumpuan kepada pendapat pengguna bagaimana sistem perlu dibangunkan. Pemilihan 
pengguna adalah berdasarkan kepada kawasan utama di empat zon utama (selatan, 
utara, timur, barat) di Semenanjung Malaysia. 184 responden terlibat di dalam tinjauan 
ini. Pangkalan data untuk sistem yang dibangunkan adalah berkaitan dengan 
penggunaan tenaga oleh peralatan elektrik berdasarkan data yang diperoleh daripada 
kementerian/agensi-agensi yang berkaitan seperti Suruhanjaya Tenaga dan Tenaga 
Nasional Berhad (TNB). Verifikasi terhadap sistem yang dibangunkan telah dilakukan 
kepada 30 buah rumah di sekitar kawasan Larkin, Johor. Keputusan menunjukkan 
66.7% daripada pengguna yang mengamalkan EEES sepenuhnya berjaya 
 vii 
mengurangkan sehingga 30% daripada penggunaan tenaga sebulan. Dengan 
mengambilkira pengetahuan dan amalan di kalangan pengguna, EEES telah berjaya 
dibangunkan dengan menggunakan pendekatan kaedah QFD, dan sistem ini juga 
membenarkan pengguna untuk menguruskan sendiri penggunaan tenaga dengan 
mengganggarkan kecekapan tenaga dan peratusan penjimatan tenaga. 
. 
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1CHAPTER 1 
INTRODUCTION 
1.1 Overview 
This chapter explains the background of the study. The introduction to energy 
efficiency (EE) is presented, together with the related issues. This chapter discusses 
the problem statement for the study based on the background provided, as well as the 
resulting objectives, significance of the study, the scope of the study and its limitations. 
This chapter also highlights the management of the whole thesis. 
1.2 Background of the Study 
In recent years, our planet has been facing an unprecedented energy challenge. 
Recently, the introduction of EE policies and the implementation of strategies have 
met with full success, while the  global primary energy demand is expected to increase 
by 41% between 2012 and 2035, with 95% of that growth coming from rapidly- 
growing emerging economies (BP Group, 2014). This will have a dramatic impact on 
energy costs and energy security, competition for resources, access to energy for the 
poorest members of societies, economic growth and climate change (Tricoire, 2013). 
One of the most important questions of our time is with regard to how the world is 
going to satisfy its hunger for energy in the decades to come. Hence, the global 
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expansion of renewable energy, and the generation of electricity in the future are very 
much in the centre of energy discussions. The improvement in EE and the redesigning 
of power generation must go hand in hand. According to the International Energy 
Agency (IEA) (2015), the global share of electricity provided by renewable energy 
could reach 30% by 2035. The remaining 70% will have to be met by conventional 
sources of energy. However, these conventional sources of energy supply are finite, 
their costs are on the rise and the impact of their use is damaging to the climate 
(Tricoire, 2013). 
The shortage of hydrocarbon fuel sources, the preservation of energy and 
stringent emission regulations for the future have been formidable challenges for 
industries worldwide. However, petroleum, which is a finite source, has been 
identified as a major source of pollution in the worldwide ecosystem, particularly 
carbon dioxide (CO2), as this gas creates an atmospheric greenhouse effect that has 
been linked to global warming and climate change. In Malaysia, the role of the 
Ministry of Energy, Green Technology and Water (KeTTHA) is to formulate policies 
and strategies in order to reduce CO2 emissions by up to 40% between 2005 and 2020. 
The Green Technology and Climate Change Council (MTHPI) is adopting the 
implementation of green technology to reduce atmospheric greenhouse gases linked to 
global warming and climate change. 
Although Malaysia has experienced rapid economic growth and fast 
expansion, the country is still faced with challenges with regard to its competitiveness. 
The current scenario depicts Malaysians as facing the challenges of the supply and 
demand of energy. This was evidenced by the 2010 and 2011 annual reports of the 
Department of Statistics and the Economic Transformation Program (ETP). The 
Malaysian economy is expected to grow tremendously during the outlook period, with 
an annual average growth rate projected at 4.8%. The strongest growth will be from 
industries (the manufacturing sector) and the services sectors, which have been 
attributed with shares of 54% and 46% of the total Gross Domestic Product (GDP) in 
2030, respectively (Prime Minister's Department of Malaysia, 2011). This factor, 
combined with a high per capita GDP growth of 3.4% per annum over the outlook 
period, will lead to a change in lifestyle, where energy consumption will be based 
mostly on commercial energy sources rather than on traditional biomass sources. This 
will naturally cause a substantial growth in energy demands from the transport, 
commercial and residential sectors. Over the outlook period, the final energy demand 
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is projected to grow at 3.9% per year, reaching 98.7 Mtoe in 2030, nearly three times 
the 2002 level. The industrial sector will have the highest growth rate of 4.3%, 
followed by the transport sector at 3.9%, the residential sector at 3.1%, and the 
commercial sector at 2.7%. Figure 1.1 shows the gross domestic product and 
population, while Figure 1.2 shows the final energy demand between the year 1980 to 
the year of 2030 by the four main sectors in Malaysia (Asia Pacific Energy Research 
Centre (APERC), 2006). 
 
 
Figure 1.1: Gross Domestic Product and Population (APERC, 2006) 
 
 
Figure 1.2: Final energy demand by four important sectors in Malaysia (APERC, 
2006) 
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The electricity demand of Malaysia will increase by 4.7% per year over the 
outlook period, to reach 274 TWh in 2030. The growth in demand is heavily influenced 
by the strong demand from the industrial sector, which is projected to increase at 5.4% 
annually over the outlook period. The electricity demand for the residential sector will 
also experience a strong growth of 4.9% per year due to improved living standards. 
The per capita electricity demand is projected to more than double from 2002 to reach 
7,571 kWh/person in 2030, higher than the average of 6,833 kWh/person for the APEC 
region. Hence, Malaysia has embarked on its new economic development plan by 
introducing the ETP, which consists of 12 areas, with oil, gas and energy being one of 
those areas. The oil, gas and energy National Key Economic Areas (NKEA) also 
includes power generation, transmission and distribution. In 2009, energy contributed 
approximately RM16 billion to the GDP. The industry is governed by KeTTHA and 
is regulated by the Energy Commission (ST). Electricity is supplied by Tenaga 
Nasional Berhad (TNB) and a number of other major independent power producers 
(IPPs).  
The rationale for improving the EE is based on a few arguments. On average, 
Malaysia is 34% more energy-intensive than its peer countries and can, therefore, 
improve on its power and fuel consumption. In fact, improving the EE is a key 
opportunity for Malaysia: it will make our companies more competitive and reduce 
household electricity bills for the people. To be realistic, the aim of the government is 
to target those appliances that consume most of the electricity in households and 
government buildings. In addition, it is important to use energy efficiently in order to 
conserve fossil fuels (oil, gas and coal), to preserve the environment, the only one that 
we have, for our future generation, and to save on domestic electricity bills (Energy 
Commission, 2010).  
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Figure 1.3: Electricity usage by appliances category between Malaysian household  
and Malaysian government building (Energy Commission, 2010) 
 
 
Figure 1.3 shows the electricity usage of Malaysian households and 
government buildings according to the categories of appliances. From the figure, it 
shows that cooling (44%) was the most usage for both categories and followed by 
refrigerator (21%) for household and lighting (24%) for government building. After 
heating or cooling, water heating is typically the largest energy user in the home. Water 
heating (11%) was the biggest usage for household for appliance that not included in 
rebate program. As homes have become more energy efficient over the past 20 years, 
the percentage of energy used for water heating has steadily increased. In the two 
decades since the first federal standards took effect, water heater efficiency has 
steadily increased. As important, industry is bringing out new technologies that 
promise much greater efficiency such as heat pump electric, and “tankless” and 
“hybrid” gas in both condensing and non-condensing formats.  
1.3 Problem Statement 
The development of an energy management system is not something new for 
the improvement of EE. An EE management system is part of energy management 
(Sukri et al., 2012), while energy policy reviews, energy audits and energy awareness 
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are part of an energy management program. A common approach in dealing with EE 
is to improve the energy management program (Al-Mofleh et al., 2009). A preliminary 
study of energy consumption should be carried out before developing an energy 
awareness program. Consumer behaviour with regard to energy awareness should be 
considered. Zhang et. al. (2011) conducted an in-depth study on how to reduce energy 
consumption in China. They discovered that there were problems with energy audit 
and energy management, and they suggested five solutions to strengthen the 
supervision and management of energy consumption and to reduce unnecessary 
wastage of energy. Besides, L. Zhang et al. (2010) suggested that energy be managed 
by calculating and analysing the energy-based ecological footprint and determining 
the capacity of energy consumption. In addition,  Pérez-Romero, Gallardo-Lozano, 
and Romero-Cadaval (2013) developed a local energy management unit (LEMU) for 
the management of energy consumption for residential applications. The system 
allows the user to demand an optimized constant power to the grid, which, in turn, is 
lower than the maximum peak power that can be demanded by the user. However, the 
energy survey and consumer behaviour analysis were not specified in this study.  
In recent decades, a wide variety of methods have become available for 
analysing energy systems or subsystems which are concerned with a number of 
purposes. Models of energy systems vary in terms of data requirements, technology 
specifications, and computing demands. Some models are technologically explicit and 
require a huge database, most of which is not readily available in developing countries. 
The skill requirements and computing needs of some models may be too burdensome 
for developing countries due to the lack of skilled human resources. The development 
of an energy system that can meet the needs of consumers is something that is 
indispensable in energy management. The highest priority should be given to the 
selection of a systems design approach that can fulfil the needs of consumers. Various 
researches have focused on the development of a computer-based system for energy 
management. Abdul Rasam et al. (2013) proposed a spatial information management 
system for the energy consumption of buildings. This system can manage the energy 
costs of buildings by using spatial technology or a geographic information system 
(GIS). It provides a 3-dimensional mapping of energy consumption and demand 
locations from the utilities record, and analyses the energy consumption. Wei & Li 
(2011) designed an energy consumption monitoring and energy saving management 
system for intelligent buildings based on the Internet, with ways to improve the energy-
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saving performance of buildings. There are three aspects to the requirements of this 
system, namely perception layer, network layer, and application layer. Another 
research conducted by Tsuji et al. (2006) used a monitoring project to collect end-use 
electric power, city gas consumption and ambient and room temperature 
measurements. The study proposed that further research be conducted to understand 
the nature of energy consumption in residential buildings in order to reduce the use of 
energy.  
An online energy consumption information system for motivating energy 
saving activities was constructed by Ueno et al. (2006). This system operates by 
providing household members with information on energy consumption in their own 
homes. The system displays the power consumptions of 18 different appliances, and 
the power and city-gas consumption of the house for the purpose of motivating energy-
saving activities. The experiment showed that energy-saving consciousness was raised 
and energy consumption was, in fact, reduced by the energy-saving activities of the 
household members. The existing system was upgraded and analysed, and it found that 
the installation of the system led to a 9% reduction in power consumption (Ueno et al., 
2006). Moreover, a smart monitoring system was created by D’Oca, Corgnati & Buso 
(2014). The system provides households with a user-friendly tool that improves 
awareness of the behaviour of energy in the homes. EE tools are pre-designed 
evaluation programs which can provide early indications as to whether the electrical 
equipment being used is energy efficient, especially for household consumers. A 
program called ENERGY-IO was developed as a redesigned program. The aim of the 
program is to create a platform for energy surveillance in order to keep track of the 
usage of energy and the financial impact to the consumer. It was found that the tool 
can help to improve EE in buildings. However, it was not specified in these energy 
system reviews whether the needs of the consumers were taken into consideration 
when the systems were designed. Table 1.1 shows the comparison from previous 
researches in relation to the effect of energy management on EE. 
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Table 1.1: Comparison from previous researches related to energy management on 
energy efficiency 
 
Year 
Energy 
Management type 
Energy 
Survey 
Energy 
Awareness 
(behaviour) 
Design 
Method 
Energy 
Calculation/ 
Analysis 
Verification 
2006 Energy 
consumption 
information system 
(Ueno et al, 2006) 
×
× 
 
 
(Online) 
× × 
2010 Energy Analysis - 
Energy-based 
ecological footprint 
model 
(Zhang et. al, 2010) 
×
× 
× 
 
(Energy 
Analysis) 
 × 
2011 Energy Monitoring 
(Wei & Li, 2011) 
×
× 
× 
 
(Sensor 
network and 
computer 
information) 
× × 
2013 Energy System – 
LEMU 
(Pérez-romero et. 
al, 2013) 
×
× 
× 
 
Ethernet 
connection 
(using 
TCP/IP 
protocol) 
 × 
2013 Energy System – 
Spatial Information 
Management 
System 
(Abdul Rasam et. 
al, 2013) 
×
× 
× 
 
(Spatial or 
geographic 
information 
system 
(GIS) 
technology) 
  
2014 Smart Monitoring 
(D’Oca et. al, 2014) 
×
× 
 
 
Hardware 
(Meter) 
  
2016 Energy System -  
(EEES) 
(K.A Rahman et. 
al, 2016) 

 
 
 
(QFD 
Approach) 
  
 
Although many systems have been created to help consumers reduce energy 
consumption in residential areas, focus should be given to the needs of users based on 
consumer requirements. Therefore, several other aspects that need to be considered: 
i) Energy awareness factors (knowledge and practice) are two important 
aspects that need to be highlighted among consumers with regard to EE. 
However, in these researches, the energy awareness behaviour of the 
consumers induced by the energy systems was not discussed in detail.  
ii) The consumer needs in relation to the energy management program. 
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iii) The growing deployment of energy management programs will provide 
more opportunities for consumers to save energy at home, but there are 
still very few programs that allow users to self-manage energy 
consumption by estimating energy efficiency and the energy saving 
percentage that is useful to both residential owners and also building 
designers/ engineers. To address that gap, this study proposed an energy 
estimation system based on a preliminary survey of energy awareness 
among consumers.  
1.4 Research Questions 
From the background of the stated problems, several questions that need to be asked 
or addressed: 
i. Does the consumer have the knowledge and practice with regard to energy 
awareness to implement the energy efficiency approach? 
ii. Is there any energy efficiency system or program that was developed by 
considering the voice of customer to determine the related characteristic?  
iii. Is there any system or program that can be implemented to indicate the 
estimation of energy efficiency and the energy saving percentage in order to 
reduce electricity bills that is useful to both residential owners and also building 
designers/ engineers? 
1.5 Objectives of the Study 
It is claimed that EE is both a global and a national issue. Malaysians should be aware 
about green energy for sustainable development. This study was carried out to 
determine the commitment and the need to participate in energy efficiency. The 
objectives of this study were as follows: 
(i) To investigate the energy awareness of consumers by means of two 
components: knowledge and practice in residential buildings. 
(ii) To determine the related characteristics of a system by using a Quality Function 
Deployment (QFD) analysis. 
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(iii) To develop the Energy Efficiency Estimation System (EEES) that is useful to 
both residential owners and also building designers/ engineers. 
1.6 Scope of the Study 
This study consisted of three major phases, namely an energy survey, EE testing and 
measurement, and system development. For the first phase (energy survey), the 
respondents were distributed randomly to selected area located in the Peninsular 
Malaysia. The study involved gathering data and measuring the EE of residential 
houses. Furthermore, this study was aimed at developing an EEES for consumers that 
can be implemented in the common Malaysian scene. The respondents were required 
to answer questions regarding energy consumption based on their home appliances and 
monthly electricity bills for their houses. In addition, their electricity bills for three 
months were collected as evidence for this study. 
In second phase, the testing and measurement of the five types of the electrical 
appliances was conducted in order to obtain the comparisons between the electrical 
appliances where the MEPS standard was applied and when the same standard was not 
applied as well.  
The final stage is system development where the system was developed by 
using QFD approach. A set of QFD questionnaire was distributed to a group of 184 
respondents to get the feedback of system requirement for developing the EEES. The 
QFD analysis is the approach in the system design that has been used in order to 
determine the customer requirement and technical requirement. The system was 
created through the use of PHP for scripting, JAVA for interface and MySQL for the 
database. Thirty houses were selected for system verification in Larkin, Johore. This 
step consists three phase which is observation and introduction, monitoring and 
verification results.   
1.7 Significance of the Study 
This study is expected to provide benefits to two sectors, the government and residents. 
The benefits to the respective sectors are highlighted below: 
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1.7.1 Government 
In order to realize the target to reduce energy consumption among domestic 
consumers, the government has implemented many initiatives, especially for energy 
management. The proposed EEES is one of the methods of energy management that 
can be used to achieve this target. Furthermore, the EEES can be upgraded for use by 
industries as well as to provide more benefits for the country. On the other hand, EE 
is the key element to ensuring that energy usage and tariffs remain stable for domestic 
and commercial users. The government will be making it mandatory for manufacturers 
to produce energy efficient products and provide consumers with the opportunity to 
use products with a high level of energy efficiency. For the time being, only appliances 
with a rating from two stars and five stars rated appliances are allowed to be sold in 
Malaysian markets.  
1.7.2 Residents 
Energy tariffs have been increasing since January 2014. Thus, the EEES can help 
consumers (residents) to reduce their energy consumption, as their incomes are 
affected by the usage of electrical appliances at home, even though the new tariffs that 
have been imposed may not affect 4.56 million out of 6.45 million consumers whose 
utilization of electricity is below 300kWh (TNB, 2014). Electricity bills will keep on 
increasing and the new paradigm of attitude will help consumers with regard to the EE 
approach (Sinar Harian, n.d.). Recently, the government has been charging a fee of 
1%, which is collected by TNB on behalf of the Sustainable Energy Development 
Authority (SEDA) (an agency under KeTTHA) for the Renewable Energy Fund. The 
1% charge, which took effect at the beginning of December 2011, is imposed on all 
users, except for those domestic customers who consume less than 300 kilowatt-hours 
(kWh) or the equivalent of RM77.00 in a month. This factor will also be considered in 
the development of a system, while the value can be changed from time to time based 
on the charge for electricity by the government in the near future. Please refer to 
Appendix A. 
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1.8 Limitations 
The KPI for the Entry Point Project (EPP) are savings targets for government 
buildings, sales targets for energy-efficient electrical appliances, co-generation targets 
for electricity, and implementation targets for an improved energy-regulatory 
framework. However, only savings targets for government buildings and sales targets 
for energy-efficient electrical appliances were considered in this study. This is because 
only these two targets are directly related to the EEES. The implementation of the 
EEES can help to achieve the savings targets not only for residential buildings but also 
for government buildings, and also the use of the EEES can raise the awareness of 
consumers to use more high energy efficient electrical appliances in order to reduce 
the consumption of energy in the home. This is reflected in the star-rated purchase of 
appliances    
1.9 Organization of the Thesis 
The thesis focuses on an estimation system that adopts the EE application for 
sustainable development by using the green technology approach. This thesis consists 
of six chapters. Figure 1.4 illustrates the overall organization of the thesis sequence 
and the interactions between the chapters. 
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Figure 1.4: The organization of the thesis 
 
Chapter 1 discusses the background of the problem (i.e. the background of the 
world issues on energy, the Malaysian scenario on energy issues and the 12-Entry 
Point Project (EPP) for oil, gas and energy, problem statement, research questions, 
research objectives and goals, significance of the study and also the limitations. A 
figure showing the organization of the thesis is also presented in this chapter. 
Chapter 2 presents an extensive literature review regarding EE, sustainable 
development and the green technology approach. This chapter also investigates the 
utilization of the Quality Function Deployment (QFD) and the systems development 
application. 
Chapter 3 explains the research methodology and procedures. It defines the 
formulation of the research design and also the research flow. Apart from that, the 
chapter explains the needs and requirements of the research. The research was 
developed using the QFD technique and the ‘Voice of the Customer’ (VoC), and the 
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questionnaire has been used as the data collection method. The systems development 
life cycle (SDLC) method was used to develop the system.  
The data collection and analysis was discussed in Chapter 4. This chapter 
discusses the research findings. The discussions are considered from every angle and 
the outcome of the research study is presented. The analysis of the energy survey is 
clearly discussed, together with the results of the EE testing and measurements that 
were carried out. The calculation of the energy saving potential in the EEES is also 
clearly discussed. 
Chapter 5 elaborates on the development of the system. The development 
phase of the EEES is described in detail. The use of the QFD approach is clearly 
discussed. The development and verification of the system are discussed further in this 
chapter. The verification of the system is also presented in this chapter. 
The conclusion and recommendations for future work are elaborated on in 
Chapter 6. The merits of the research are critically assessed and suggestions are made 
as to possible and future research work. Finally, the key issues described in the thesis 
pertaining to the development of the EEES are summarized and also a conclusion is 
drawn as to the overall research work. 
1.10 Summary 
This chapter discussed the background of the key issues on energy. Energy 
consumption by a sector and the electricity usage of households were mentioned. The 
residential sector was the main focus to show evidence of the need to develop a system. 
The consumption of energy for domestic use (residential) must be assessed and 
monitored from time to time to ensure that the EE and green technology approach have 
taken place by referring to KeTTHA, the Energy Commission, TNB and Green Tech 
Corporation
  
2CHAPTER 2 
LITERATURE REVIEW 
2.1 Overview 
Chapter two outlines the literature that has been gathered in relation to this study. The 
background information is summarized and references are highlighted based on the 
extensive literature search. This review includes findings from recently published 
studies on EE, the important issues that are related to EE, the correlation between EE 
and green technology, and also the relationship between both issues with sustainable 
development. This chapter also highlights how the current study is related to and 
contributes to the existing knowledge. 
2.2 Issues and Challenges of Energy  
According to Oettinger (2013), energy is a foundation of modern life and one of the 
key differentiators between healthy, wealthy societies, sick, and poor ones. As 
populations grow and countries develop, the best option in meeting their rising energy 
demand lies in EE, which means getting the same service for less energy or getting 
more service from the same amount of energy. One in five persons in the world today 
lacks electricity in their homes and businesses, and available and affordable energy 
resources are critical to the efforts of the community to reduce poverty, improve public 
health and increase educational opportunities. For those with access to energy, the on-
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going challenge is to ensure that energy is consistently available and affordable. 
Energy is being used in industries, buildings and services or as fuel for transport for 
economic development and prosperity. Without improvements in EE, Europe would 
probably use four or more times as much energy today to produce the same GDP (IEA, 
2015). EE has created businesses and jobs and reduced waste, pollution and costs. It 
has been a good investment for the economy. Looking to the future, the need for greater 
energy efficiency is glaring, and this was most recently highlighted by the IEA in its 
World Energy Outlook 2012 (IEA, 2012). 
China and India are among the two biggest players in refining; whose 
significant expansion in capacity is a major, if underreported, component of their 
surging economies and their growing export muscle regionally and globally. The IEA 
forecasts that China will increase its refining capacity by as much as 2.9 million barrels 
a day (mb/d) over the next five years, but other observers, including the Chinese oil 
giant, PetroChina, are seeing a growth of as much as 5mb/d to 15mb/d by 2015. 
Meanwhile, the Indian capacity has already increased by almost 50% in the last five 
year (Bosoni, 2013). 
The energy crisis often refers to one of the energy sources that is being used at 
a certain time and place, particularly, those that supply national electricity grids or are 
used as fuel in vehicles. The decade of the 1970s was a period of limited economic 
growth due in part to the energy crisis. The economies of the major industrial countries 
of the world, particularly the United States, Canada, Western Europe, Japan, Australia, 
and New Zealand, were seriously affected, and these countries faced substantial 
petroleum shortages, real and perceived, as well as elevated prices. The two worst 
crises of this period were the oil crisis in 1973, and the energy crisis in 1979, which 
were caused by disruptions to exports from the Middle East (Mark, 2004), together 
with tensions in the Middle East, the falling value of the US dollar, dwindling oil 
reserves, concerns over peak oil prices, and oil price speculations. This scenario 
slipped over into the energy crisis of the 2000s, which saw the price of oil increase in 
2008. 
EE is one of the methods to overcome this issue. According to Melissa  (2013), 
more than 70 energy saving companies (ESCO) are working to eliminate energy 
wastage, primarily through improved lighting technologies in Brazil. The oil crisis in 
the 1970s spurred Sweden to move towards alternative energy resources and energy 
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efficiency. Today, the country has set efficiency standards for everything from light 
bulbs to electric motors and has decreased its dependence on oil by more than 65%. 
On the other hand, EE is part of the national identity in Japan. Just before a 
meeting of the Group of Eight leading industrialised countries in 2008, then-Prime 
Minister Yasuo Fukuda proudly stated, “Superior technology and a national spirit of 
avoiding waste give Japan the world’s most energy efficient structure.” In the wake 
of the 2011 Fukushima Daiichi nuclear accident, efficiency mandates have helped 
Japan to work through a difficult rebalancing of its national energy portfolio (Melissa, 
2013). 
In the United States, California has realised impressive efficiency gains 
primarily through the implementation of building codes in the 1960s and 1970s. As a 
result of this and other policies, the state has been recording near-constant per-capita 
electricity use since 1973. Moving forward, international efforts enable researchers 
and industries around the globe to share the lessons learned. For instance, in a 
binational effort to decrease the amount of energy required to fuel India’s growth, the 
United States-India Joint Clean Energy R&D Centre’s Energy Efficiency of Buildings 
consortium developed ways to use information technology and building control 
systems in commercial and high-rise residential buildings (Melissa, 2013). The US 
Green Building Council established the Leadership in Energy and Environmental 
Design (LEEDTM) rating system to assess the performance of a whole building. The 
rating system measures the efficiency and performance of a building with respect to 
the site design, EE, water consumption, material usage and indoor environmental 
quality (USGBC, 2014). 
In the case of Malaysia, the oil price is set by the government and it has been 
subsidised by the government since the 1970s. Despite the fact that Malaysia is an oil 
exporting country, it also imports oil from other countries. Therefore, the oil crisis has 
also had a major impact on Malaysia, including electrical energy. The surplus of the 
exporting value over the importing value makes Malaysia a net oil exporting country 
(Jalil, Ghani, & Duasa, 2008).  
On the other hand, the government has identified 12 EPPs as well as two 
business opportunities within the oil, gas and energy (OGE) sectors. The largest 
sources of the multiplier effect on the OGE NKEA are the NKEAs for the palm oil, 
tourism, and electronics and electrical sectors. For example, an increase in the number 
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of tourists visiting Malaysia will give rise to an increase in the usage of energy. To 
achieve this target, the government and the oil, gas and energy industries are focusing 
on four thrusts: sustaining oil and gas production, enhancing downstream growth, 
making Malaysia the number one Asian hub for oilfield services, and building a 
sustainable energy platform for growth. Table 2.1 shows EPP 9 to EPP 12: building a 
sustainable energy platform for growth in 12 EPPs for the oil, gas and energy sectors. 
From the table, improving the EE was highlighted as one of the main pillars in EPP 9 
that must be improved (ETP, 2014).  
 
Table 2.1: EPP for Oil, Gas and Energy Sector (ETP, 2014) 
 
BUILDING A SUSTAINABLE ENERGY PLATFORM FOR GROWTH 
EPP 9: Improving energy efficiency 
EPP 10: Building up solar power capacity; 
EPP 11: Deploying nuclear energy for power generation; and 
EPP 12: Tapping Malaysia’s hydroelectricity potential. 
 
The use of fossil fuels results in the depletion of resources, increasing prices 
and the emission of greenhouse gases and other hazardous gases that have a negative 
impact on human health and the environment. Energy issues were among the items for 
discussion on the agenda of the Tenth Malaysia Plan. The development of alternative 
energy sources by 2015 was one of the major initiatives in the Tenth Malaysia Plan 
that was presented by Prime Minister, Dato’ Seri Mohd Najib bin Tun Abdul Razak 
(Economic Planning Unit, 2010). The five strategic pillars of the new energy policy 
were presented under the issue of supply, utilization and the environment. The 
measures to be taken in the residential, industrial, commercial and transport sectors 
were highlighted during the discussion on EE. Figure 2.1 shows the EE measures in 
the Tenth Malaysia Plan. 
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Figure 2.1: Pillars of the New Energy Policy (The Economic Planning Unit, 2010) 
 
On 1st May 2001, the Malaysian Government established the Energy 
Commission under the Energy Commission Act 2001 in an effort to further enhance 
the performance of the energy supply industry. The energy sector in Malaysia has 
undergone significant changes since 1990. This has been driven by the Government's 
aim to enhance supply security, improve efficiency and quality in utility services, and 
to increase the participation of the private sector in infrastructure development. To 
ensure the safe and efficient consumption of energy, the Energy Commission has 
undertaken a widespread awareness campaign through the mass media, and one of the 
campaigns involves asking users to test the circuit breaker in their respective homes to 
ensure that it is functioning correctly (Energy Commission, 2013a). According to the 
2013 Annual Report by the Energy Commission, in carrying out its regulatory 
economics, the Energy Commission has been developing a regulatory framework 
based on incentives for the determination of electricity tariffs in the peninsula. In the 
year 2013, for the first time, the Energy Commission implemented electricity tariff 
rates in the peninsular, which were to be enforced on 1st January 2014. The Energy 
Commission also reviewed the tariffs in Sabah and the Federal Territory of Labuan. 
The three new tariff rates were announced on 2nd December 2013. Despite this being 
seen as one of the strategic recovery methods, the increase in the new electricity tariffs 
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is quite critical for consumers. The awareness of energy consumption and the efficient 
use of energy can help users to overcome this problem. Consumers should have 
knowledge about EE and practise it. The finding have the same agreement with Syed 
Hussain, Ismail & Md Noh (2013) which is knowledge is one of the main components 
to be taken into consideration when implementing energy saving awareness programs. 
Subsequently, Abdul Majid & Ibrahim Udale (2011) highlighted the need for 
households to practise energy saving behaviour in order to achieve EE. Thus, these 
two factors, knowledge and practice, must be given high attention in ensuring the 
enhancement of awareness among consumers. Furthermore, many campaigns have 
also been carried out through the media to disseminate this information, but the extent 
of the consumer’s knowledge about EE and its practice is still in question. It is also 
necessary to highlight how energy can be used efficiently and the methods that can be 
used, especially for residential building, where most of the consumers are housewives, 
and in public areas.  
On the demand side, the improvement in EE is a crucial part of the development 
of the energy sector as the energy supply and fuel consumption are dictated by the 
demand. Savings on the demand side will reduce the energy losses due to the 
distribution and transmission of power, losses in power generation plants, and the 
energy use associated with the extraction and transportation of fuels. In energy terms, 
a saving of one unit of energy on the demand side will save 3 to 4 units of primary 
fuels. In this regard, Malaysia’s Energy Efficiency Action Plan is focused on tackling 
issues pertaining to energy supply by managing demand efficiently. Figure 2.2 shows 
the five main thrusts that were highlighted in the National Energy Efficiency Action 
Plan (NEEAP) for the year 2014 by the Ministry of Energy, Green Technology and 
Water that will drive the nation towards a sustainable energy path (KeTTHA, 2014a). 
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Figure 2.2: National Energy Efficiency Action Plan (KeTTHA, 2014a) 
 
Malaysia’s Energy Efficiency Action Plan contains 17 specific EE programs, 
covering three sectors that are to be implemented over a 10-year period. The programs 
can be grouped into five key initiatives in relation to the design of the programs, as 
shown in Figure 2.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Five Key Initiatives for energy efficiency programs (KeTTHA, 2014b) 
5 KEY INITIATIVES 
Initiative 2 
Minimum Energy Performance Standards (MEPS) 
Initiative 3 
Energy Audits and Management in Buildings and Industries 
Initiative 1 
Rating and labelling of appliances 
Initiative 4 
Targeted “Kick Start Promotion Bonus” and support 
programmes 
Initiative 5 
Energy Efficient Building Design 
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In order to realize these strategies, the aspects of environmental conservation 
should be given priority. There should be less impact on the environment and a 
reduction in greenhouse gas (GHG) emissions. The total reduction in GHG emissions 
at the end of the plan is projected to be equivalent to 40 million tonnes of CO2. A total 
reduction of the equivalent of 96 million tonnes of CO2 will be achieved over the 
lifetime of the energy-efficient technologies that will be adopted and adapted from the 
implementation of the plan. For new and existing buildings, programs will be 
undertaken to demonstrate energy efficient design features. This will be in the form of 
demonstrations and show-case projects within various types of building.  
With the country’s GDP forecasted to grow at an average rate of 5% per annum 
(from 2010 to 2020), the demand for energy was projected to grow at 3.6% per annum 
until 2016. While the energy mix in Malaysia is still largely based on fossil fuels, the 
vision of the government is to achieve some level of energy security and autonomy for 
the country. The Sustainable Energy Development Authority (SEDA) of Malaysia, 
through the Ministry of Energy, Green Technology and Water (KeTTHA), believes 
that sustainable energy forms the basis for countries to achieve both energy security 
and autonomy (SEDA, 2013). 
Coal, being the cheapest and most abundantly available fossil fuel, will always 
have a role in the energy mix of a particular country. Malaysia’s coal resources to date 
are estimated to be around 1,050 million tons of various qualities, ranging from lignite 
to anthracite, and from bituminous to sub-bituminous coal, of which bituminous coal 
forms the bulk of this amount. The Government is planning to generate 30% of its 
electricity over the next decade through hydropower to reduce the adverse effects from 
the use of fossil fuels.  
2.3 Electricity Generation 
Electricity is accepted as one of the drivers of economic development in all nations. 
The challenge of continuously generating electricity to meet the growing demand is 
exerting tremendous pressure on the energy infrastructures of both developed and 
developing countries (Kaundinya, Balachandra & Ravindranath, 2009). As a 
developing country, the population of Malaysia in 2013 was 29.5 million, an increase 
of 1.5% from the 2012 level of 29.2 million (APERC, 2015). In 2009, the total 
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electrical energy generated was 103.2 TWh, and the demand is expected to increase 
by 4.7% per annum to 274 TWh by the year 2030. Strong demands from the industrial 
and residential sectors are influencing Malaysia as it steps into becoming an 
industrialized nation, whereby the per capita electricity demand is expected to reach 
7571 kWh/person in the year 2030 (APERC, 2016). In 2014, the main export products 
were electrical and electronic products, which made up approximately 33% of the total 
exports, while petroleum products made up 9.2% and liquefied natural gas (LNG) 
8.4% (APERC, 2015). 
Malaysia relies mainly on domestic power generation for its electricity supply, 
with 74% of the natural gas, 88% of the coal, and all the hydropower being used for 
the generation of electricity. Electricity, at 49%, is the biggest form of end-use energy, 
followed by oil products (41%), natural gas (7%) and coal (3%). Each main end-use 
sector, including the transportation sector, industrial sector and domestic sector 
(residential, commercial and agriculture), account for approximately one-third of the 
energy consumption (C. Chong et al., 2015).  
Electricity generation is the key transformation sector in the energy system of 
Malaysia as electricity accounts for 45.6% of the total end-use energy consumption in 
Malaysia, and if the transportation sector is deducted from the end-use sectors, the 
share of electricity would have increased to 67.1% in 2011. Hence, the electricity 
generation approach has a significant impact on the energy supply structure of 
Malaysia. The electricity generation structure has experienced significant changes 
twice. In the first instance, natural gas replaced 70% of oil products and became the 
major fuel in power plants; in the second instance, coal replaced nearly half of the 
natural gas and has become the major fuel for electricity generation (C. Chong et al., 
2015) 
Malaysia’s total installed electricity generation capacity as at the end of 2013 
was 29,748 MW, an increase of 2.1% from 29,143 MW in 2012. The gross electricity 
generation was registered at 143,497 GWh, an increase of 6.8% from the previous 
year, which was 134,375 GWh in 2012. Furthermore, the electricity consumption 
increased by 5.8% to 123,076 GWh from 116,354 GWh in the previous year, 2012 
(Energy Commission, 2013b). An analysis of the electricity consumption by sector 
showed that the residential sector continued to post a strong growth in 2013 at 6.4% to 
settle at 2,262 ktoe (26,288 GWh). Figure 2.4 shows the increase in energy 
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consumption by sector from 1993 to 2013. The total energy used increased by almost 
65% from 1993 to 2013. This shows that Malaysia has been experiencing high energy 
demand in recent decades. 
 
 Figure 2.4: Energy consumption analysis from 1993 - 2013  
(Energy Commission, 2015) 
 
The National Energy Balance report on the consumption of electricity by the 
major sectors, namely the industrial, commercial, residential, transport and agricultural 
sectors, in 2013 are shown in Figure 2.5 (Energy Commission, 2013b). The residential 
sector was the third largest sector for electricity consumption, which was 21.4%, after 
the industrial (45.4%) and commercial (32.7%) sectors. This shows that it is very 
necessary to improve the EE to reduce electricity consumption. Any  shortage of 
energy supply in the country will have an unfavourable impact on the economy of the 
country (Shafie et al., 2011).  
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